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DREDGABL:  Geotechnical  Factors  in  Dredgeability;  User*s  Guide  (IR  DRP-94-1) 


ISSUE:  Geotechnical  engineers,  dredging  es¬ 
timators,  and  dredging  contractors  often  do 
not  understand  each  other’s  needs,  site  inves¬ 
tigation  methods,  and  vocabulary.  Inevitable 
turnover  in  personnel  means  the  loss  of  the 
knowledge  of  experienced  and  talented  per¬ 
sons.  These  factors  often  lead  to 
misinterpretation  of  the  nature  and  extent  of 
the  sediments  to  be  dredged. 

RESEARCH:  Knowledge-based  expert  sys¬ 
tems  (KBES)  are  computer  programs  that  use 
a  knowledge  base  of  expert-derived  rules  for 
providing  guidance.  Rules  in  the  knowledge 
base  are  in  the  form  of  "IF-THEN"  statements 
that  can  incorporate  judgement,  experience, 
empirical  rules  of  thumb,  intuition,  and  other 
expertise  as  well  as  proven  functional  relation¬ 
ships  and  experimental  evidence.  The 
database  of  rules  of  a  KBES  is  independent  of 
the  inference  engine  (program  control);  there¬ 
fore,  the  ability  to  add  new  or  expanded 
knowledge  to  the  knowledge  base  is  a  major 
feature  of  a  KBES. 

The  KBES  described  in  this  report  is  an  out¬ 
growth  of  a  Dredging  Research  Program 


(DRP)  work  unit  that  involves  the  develop¬ 
ment  of  geotechnical  descriptors  to  indicate, 
or  infer,  dredgeability  of  sediments  to  be 
dredged.  The  initial  knowledge  base  was 
based  on  literature  surveys,  personal  experien¬ 
ces,  and  comments  made  during  several 
workshops. 

SUMMARY:  The  Geotechnical  Factors  in 
DREDGeABiLity  (DREDGABL)  Program 
provides  guidance  in  the  interpretation  of 
geotechnical  descriptors  of  sediments  in  terms 
of  their  dredgeability  properties.  It  is  in¬ 
tended  to  be  used  by  engineers,  estimators, 
and  contractors,  serving  as  a  personal  geotech¬ 
nical  engineering  consultant. 

AVAILABILITY  OF  REPORT:  The  report 
is  available  through  the  Interlibrary  Loan  Ser¬ 
vice  from  the  US  Army  Engineer  Waterways 
Experiment  Station  (V^S)  Library,  telephone 
number  (601)  634-2355.  National  Technical 
Information  Service  (NTIS)  report  numbers 
may  be  requested  from  WES  Librarians. 

To  purchase  a  copy  of  the  report,  call  NTIS  at 
(703)487-4780. 
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1  Introduction 


This  user’s  guide  contains  instructions  for  installing  and  using 
DREDGABL  (Geotechnical  Factors  in  Dredgeability),  a  knowledge-based 
expert  system  (KBES)  for  the  geotechnical  evaluation  of  the  dredgeability  of 
sediments.  The  two  diskettes  for  the  Microsoft  Windows®  version  of 
DREDGABL  are  included  with  each  copy  of  the  user’s  guide;  a  limited 
number  of  the  MS-DOS®  version  are  available  on  request  to  Ms.  Gloria 
Naylor,  Scientific  and  Engineering  Applications  Center,  Informatimi 
Technology  Laboratory,  U.S.  Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  MS  39180  (CEWES-IM-DS). 

Objective  of  DREDGABL 

The  accumulated  knowledge  and  experiences  of  experts  in  a  specific 
discipline  can  be  recorded  in  a  knowledge  base  which  is  then  available  for  use 
in  the  solution  of  a  specific  set  of  problems  in  that  discipline.  A  KBES  is  a 
computer  program  that  provides  guided  interaction  between  a  user  and  the 
knowledge  base.  The  interaction  is  in  the  form  of  IF  -  THEN  statements.  The 
user  is  questioned  about  the  problem  context  (IF-conditions)  after  which  the 
KBES  displays  its  expert-derived  solution  (THEN-conclusion). 

The  objective  of  DREDGABL  is  to  provide  guidance,  from  geotechnical 
engineering  and  dredging  experts,  in  the  form  of  KBES,  for  the  interpretation 
of  sediment  test  and  observation  data  in  terms  of  the  dredgeability  of  the 
sediment.  DREDGABL  is  intended  for  use  by  dredging  project  estimai  rs  and 
planners  working  with  the  U.S.  Army  Corps  of  &igineers,  dredging 
contractors,  or  dredging  consultants.  It  can  also  show,  to  the  geotechnical 
engineers  and  engineering  geologists  involved  in  dredging  project  site 
investigation,  what  the  important  sediment  properties  are  for  dredgeability 
evaluation. 

Program  Overview 

DREDGABL  provides  an  expert  evaluation  of  the  dredgeability 
characteristics  of  specific  sediments  whose  geotechnical  properties  are 
described  in  the  dredging  contract  documents.  Advice  is  also  given  about  the 
suitability  of  various  types  of  dredging  equipment  for  use  with  those 
sediments,  based  on  dredgeability  characteristics.  Expert  knowledge  is 
contained  in  several  knowledge  databases  that  are  queried  during  operation  of 
the  program. 
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Two  parallel  and  equal  versions  of  the  DREDGABL  program  have  been 
developed.  One  operates  in  the  conventional  Microsoft  Disk  Operating  System 
(MS-DOS)®  environment  and  the  otl^r  runs  under  the  Microsoft  Wiiulows® 
environment.  Knowledge  databases,  control  programs,  and  infeiencing 
mechanisms  for  both  versions  are  identical.  Input  and  conclusion  screen 
displays  are  also  identical,  except  that  the  screen  displays  in  the  MS-DOS 
version  are  character-based  and  in  the  Microsoft  Windows  version  they  are 
gr£q>hics-based. 

Both  the  MS-DOS  and  the  Windows  versions  for  DREDGABL  are  user- 
friendly  and  support  mouse  input.  Input  is  provided  through  a  group  of 
consultation  screens,  each  containing  a  question  with  multiple-choice  answers. 
Answers  and/or  screen  controls  are  selected  by  riKMise-pointer  clicking  or  by 
the  keyboard  arrow  keys  and  keystroke  combinations.  This  eliminates  the 
need  for  the  user  to  type  words  or  numbers  for  data  input  during  guidance 
sessions.  This  is  intended  to  accelerate  the  input  process,  eliminate 
typographical  errors,  and  facilitate  the  use  of  Ae  system  by  non-typists.  The 
path  through  the  input  screens  is  not  fixed;  the  question  asked  on  each  new 
screen  is  the  result  of  the  specific  answer  to  the  question  posed  on  the  previous 
screen. 

DREDGABL  starts  with  the  assumption  that  the  available  sediment 
geotechnical  descriptor  data  are  contained  in  the  project  plans  and 
specifications  in  the  American  Society  for  Testing  and  Materials  (ASTM) 
(ASTM  1993)  format  which  is  based  on  the  Unified  Soil  Classification  System 
(USCS)  (USAEWES  1960).  The  flow  of  the  program  through  the  group  of 
display  screens  is  shown  on  Figure  1. 

Briefly,  the  overall  strategy  of  the  DREDGABL  program  is: 

a.  The  first  question  requests  the  general  type  of  sediment  in  the  layer  or 
deposit  being  evaluated.  The  general  sediment  type  is  defined  as  the 
predominant  material  found  in  the  sediment  to  be  dredged,  or  as  the 
material  corresponding  to  the  median  grain  size,  djg. 

b.  If  the  sediment  type  if  gravel  or  sand,  DREDGABL  requests  the 
USCS/ASTM  classification,  sediment  name,  compactness,  gradation 
fineness,  and  grain  angularity. 

c.  If  the  sediment  type  if  inoiganic  fmes  or  organic  fmes,  DREDGABL 
requests  the  USCS  classification,  sediment  name,  consistency,  and 
plasticity  index.  If  the  consistency  is  UNKNOWN,  and  the  water 
content  is  known  or  the  wetness  known,  then  it  may  be  possible  to 
estimate  the  consistency  from  the  liquidity  index. 

d  If  the  sediment  type  is  in  the  other  sediments  category,  then  only  the 
sediment  name  is  required  to  identify  the  material.  F^perties  of  these 
materials  may  vary  significantly  and  there  are  no  specific  designations 
for  them  either  in  ASTM  or  USCS. 
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e.  After  all  lequiied  antecedents  are  defined  (including  die  possible  dioioe  o£ 
"Uvkaovm"  in  any  categoiy),  DREDGABL  evaluates  this  information  and 
searohes  the  q>pro|mate  knowledge  base  for  oooclusioas  about  the 
dredgeability  {woperdes  of  the  uniquely  described  sediment, 

/  The  user  may  then  display  DREDGABL's  conclusions  about  the  suitability 
of  various  generic  types  of  hopper,  mechanical,  and  pipeline  dredges  for  use 
with  the  described  sediment,  or  miy  display  the  diqwsal  area  properties. 
The  user  nu^  also  dioose  to  print  out  ^  conqtlete  set  of  oondusions  for 
the  qtedfic  sediment. 

g.  Provision  has  been  made  in  DREDGABL  for  die  recording  of  information 
and  knou^ge  about,  and  ciqierienoes  with,  local  sediments  that  have  been 
developed  by  the  user's  organization.  This  is  localfy-derived  information 
that  anqtlifies  or  siqtersedes  the  information  contai^  in  the  general 
knowle^  bases.  The  LOCAL  INFO  database  may  be  viewed  and  the 
contents  of  any  memorandum  may  be  printed. 

In  the  imsent  version,  DREDGABL  considers  only  one  sediment  type  at  a  time 
in  its  evaluation  of  the  suitability  of  various  dredge  types  for  diat 
Therefore,  the  user  must  run  the  DREDGABL  program  again  for  each  htyer  or 
dqxMit  in  the  dredging  prism  having  a  unique  set  of  {uoperttes. 

Background 

The  KBES  conqtuterfHogram  described  herein  was  developed  as  part  of  the 
WES  Dred^ng  Research  Program  (DRP)  Work  Unit  No.  32471,  "Descriptors  for 
BoUom  Sediments  to  be  Dredged."  The  objective  of  the  work  unit  is  to  develop 
standard  dredging-related  geotechnical  des^ptors  for  iiytirjiring^  or  inferring,  the 
dredgeability  of  sediments. 

A  KBES  such  as  DREDGABL  can  serve  one  or  more  of  the  following 
purposes: 

a.  Guidance.  As  a  guide,  or  computerized  moitor,  for  those  persons  lacking 
knowledge  and  experioice  in  tte  dredgeability  anatysis  of  geotechnical 
data. 

b.  Education.  As  an  educatiorud  aid  in  the  training  of  new  dredging  project 
planners,  estimators,  administrators,  and  operators. 

c.  Peer  review.  For  peer  review,  ^riiere  knowledgeable  and  oqterienced 
persotmel  can  consult  with  other  experts  for  review  and  as  a  cross-check  on 
their  own  work. 
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Clireiwi  Mroduciian 


Outline  of  User's  Guide 

Cluster  2  gives  iostallstioa  instnictioas  for  pladiig  the  DOS  or  die  Windows 
version  ^DREDGABL  on  the  user's  hard  disk.  Instnictioas  are  also  given  for 
navigating  duoug^  the  screens. 

Chapter  3  contains  opendinginstnictions  for  die  DREDGABLprogranL  A 
nm-through  of  die  iqiut  display  and  conclusion  di^ily  screens  and  a  descrgition  of 
die  h^  (discussion)  screen  system  are  inade.  The  local  infonnation  database 
^'stem  is  presented. 

Qugiter  4  presents  a  brief  discussion  three  background  topics  for  users  of  the 
DREDCIABL  progranL  First,  diere  is  a  general  discussion  of  knovdedge-based 
eiqiert  systems  and  the  manner  in  which  disfunction.  Second,  die  rationale  fiar 
sdMting  a  reiatioaal  database  management  sstem  as  die  expert  s^tem 
development  shell  is  presented.  Third,  the  relationship  ofaKBES  to  a  printed 
rqwrt  is  examined. 

OugHer  5  discusses  potential  fiiture  modifications  to  the  DREDGABL 
imgram.  The  requested  review  information  is  intended  primarily  for  use  by  the 
programmer  and  administrators  ofdie  development  version  rfDREDGABL  Also 
discussed  are  methods  for  modification  and/or  control  ofdie  LOCAL  INFO 
database. 
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2  Installing  DREDGABL 


There  are  two  equivalent  versiaas  of  die  DREDGABL  prognxn:  tf>e  Windows 
verskn  and  die  MS-DOS  venkn.  The  versions  difEer  onfy  in  die  fionnat  of  the 
di^li^  screen  files.  Windows  screens  are  gnqihiGS-based  and  MS-DOS  displays 
arediaracter-based.  Because  of  its  gnqihical  environment,  die  Windows  version  of 
DREDGABL  gnnfaina  grqdiics  that  are  not  available  in  die  cunent  MS-DOS 
version.  The  user  may  instaU  both  versioos  on  die  same  computer,  but  in  different 
difectoties. 

(NOTE:  DO  NOT  place  the  DOS  and  ^Mfiadowsvamonffles  in  the  same 
directory  because  thqr  use  the  same  screen  file  names.  This  will  cause 
malfunction  of  the  programs.) 

Appendix  A  contains  a  listing  of  all  fiilcs  contained  on  die  distribution  diskettes 
for  the  Vfindows  version  and  the  DOS  verskn  of  DREDGABL.  Ifanytd^  the  listed 
files  are  missing  fixan  the  diskettes,  please  contact  the  Manager  of  die  I>edging 
Reseaidi  Program  at  the  address  given  in  the  Preface  to  diis  User’s  Manual 

System  Requirements 

Suggested  minimum  equqmient  requirements  are: 

a.  80386SX  processor,  or  higher. 

b.  Moine  (not  absdutdy  neoessay,  Inithi^ily  useful). 

c.  Minimum  of4  Mb  ofrandom  access  memory  (RAM);  preferably  6Mb(tf 
RAM  for  the  Windows  version. 

d  MS-DOS  version  3.1  or  hi^ier. 

e.  For  die  TKfindows  version,  Microsoft  Windows  version  3.  lor  hitler 
running  in  386  enhanced  mode.. 

/  At  least  6  MB  dTfiee  hard  disk  space  for  die  VfindowBverskm.  At  least 
4  MB  of  fine  hard  disk  qiace  for  the  DOS  verskm. 
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g.  Standard  video  graphics  adapter  (VGA)  monitor  (640  X  480  pixds). 

NOTE:  The  program  contains  cdor  screens  and  the  Windows  version  uses 
color  gnq>hi^.  A  monochrome  monitor  can  be  used  but  the  images  will  be 
displayed  in  black  and  vdiite.  Other  cdor  monitors,  such  as  Siqier  VGA 
(SVGA),  nuy  be  used  but  display  quality  miy  be  affected. 

Hard  Disk  Installation  -  Windows  Version 

The  Windows  version  of  DREDGABL  is  cmtained  in  two  S.S-ia  hi^ 
cryacity  (1.44  Mb)  diskettes.  The  following  stq>s  should  be  taken  to  install  the 
Windows  (grq>hics-based)  version  of  the  program  on  a  hard  disk: 

1.  Insert  Disk  No.  1  of  the  DREDGABL  (Windows  version)  diskettes  in  drive 
A  (or  drive  B). 

2.  Start  Windows  (refer  to  the  Microsoft  Windows  user's  manual  if  necessary) 
or  OS/2.  In  the  Program  Manager  window,  click  the  mouse  on  FILE.  In 
the  FILE  menu,  didc  the  mouse  on  RUN. 

3.  In  the  RUN  window  conunand  line,  type  A:\setiq>;  then  click  on  OK. 

4.  It  nuy  take  several  minutes  before  the  Setup  window  q>pears.  The  files  on 
the  diskettes  are  conq)tessed  and  are  being  decompressed.  Be  patient;  do 
not  reboot  the  computer. 

5.  When  the  Setiq)  window  is  displayed,  the  user  is  asked  to  cmifirm,  or  to 
change,  the  hard  drive  letter,  tte  directory  name,  and  the  Program  Group  in 
which  to  place  DREDGABL.  After  this  choice,  Windows  continues 
loading  tte  program,  asking  for  the  other  disks  at  the  q>prqmate  time. 

6.  At  the  c(»q)letion  of  the  setiq>  (file  decompression  and  loading)  |xocess, 
Windows  places  an  icc»  mar^  "DREDGABL”  in  the  chosen  Program 
Group. 

Hard  Disk  Installation  -  DOS  Version 

The  DOS  versicn  oi  DREDGABL  is  contained  in  two  3.5-ul  higfa-capady  (1.44 
Mb)  diskettes.  To  install  the  program  on  drive  d:  (where  d:  is  any  desii^  h^ 
drive)  and  the  directory  d:\DREDGDOS,  insert  DOS  Disk  No.  1  in  drive  A  (or  drive 
B)  arid  type  A:INSTALL  d  a  (or  B:INSTALL  d  a),  udiere  d  is  tiie  target  drive  and 
a  is  the  source  drive.  Type  die  command  exactly  as  shown;  do  not  use  a  colon  (:) 
after  the  target  or  the  source  drive  names.  The  installation  batch  file  performs  tte 
fdlowing  tasks  automatically.  Ifthe  batch  file  does  not  function  {xope^,  then  the 
following  operations  can  be  done  manually; 
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1.  CieitBadireGto(yiiniedd:\I^tEIXiIX)S(arute«iyodierdireGtioiy 
nnie).  CopyaUfikffiamdietwoDOSdidcdtetlotfieiiewlivddidc 
directaiy.  Tlie  filet  «e  in  a  ooaqxessed  («diive(0  fbnnat 

2.  For  example,  to  instaU  filet  finmdidc  drive  A:  to  hanldidcC:  in  daectoiy 
C:\DRETCIX)S,  type  dm  fisUowing  in  order 

C:\  (MdcetC  die  defiult  drive) 

mdDREDGDOS  (Cieatet  new  difecUxy) 

cdDREDGDOS  (Kkivet  to  new  duectoiy) 

The  new  definilt  drive  it  now  C:VDREDGDOS.  naoedidcetteNo.  1  ofdie 
DOS  vefskn  in  Drive  A:  andenter 

CopyA:\*.*  (Copy  aU  filet  on  A  to  C:\DREDGDOS) 

When  copying  is  completed,  replace  Disk  IwidiDidt  2  and  repeat: 

CopyA:\*.*  (Copy  aU  files  on  A  to  C:\DREDGDOS)) 

3.  Decongiress  (unardiive)  die  filet.  To  unarchive,  remain  m  the 
d:\raiEDGDOS  sulMliiectoty  and  type,  in  tuni, : 

ARCE  FOXDISTR  (FOXDISTR.ARC  ooittams  die  Foixpro 

Distribution  Kit  operating  files) 

anddKn 

ARCE  DREDGDOS  (DREDGDOS.ARC  contains  aUrtf  die 

DREDGABL  files) 

4.  From  widiin  dm  d:\DREDGDOS  director,  delete  the  FOXDIS11LARC, 
DREDGABU^C,  and  ARCE.COM  filet  fiomyow  hard  disk;  they  are 
no  longer  needed!  Do  diis  by  typing: 

DEL  ARCE.COM  (DeletetARCE.COM) 

DEL  FOXDISTRJUIC  (Deletes  FOXDISTILARC) 

DEL  DREDGABLARC  (Deletes  DREDGABLARC) 

Nrrte:  The  DOS  command  ERASE  performs  the  tame  fimetion  as  DEL. 
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3  Operating  the  DREDGABL 
Program 


To  start  the  IXtEDGABL  pngnn: 

a.  For  die  ^X^idosnvenioa,  two  chokes  m  available: 

1.  Whikm  die  V^ndowsPiognni  Manager  window,  skaplydkk  OB  die 
DREDGABL  icon;  or 

2.  Whik  in  die  Windows  Program  Manager  window,  open  (dick  on)  die 
FILEmenu.  h  die  FILE  menn,  elide  on  RUN.  The  RUN  command 
screen  win  appear.  On  die  RUN  Conanand  Line,  type 

d:VDREDGABLVDREDGABL 

or  use  die  BRO^E  button  to  locale  the  DREDGABLXXE  file. 

h.  For  the  DOS  version,  move  to  die  d:\lXlEDGDOSdireclocy.  Fiomdie 

previous  example;  assume  the  DREDGABL  program  files  are  in  die 

C:\DREDGDOS  directory,  and  type: 

DREDGABL 

Thia  ■edvalea  a  hatch  file  that  conTaina  the  inwawjiy  cnmnmA  to  mtart  rty 

mEDGABL  program. 

Navigating  the  DREDGABL  Program 

The  following  semi-tutorial  presentation  discusses  the  various  mput  and 
conclusion  screens  contained  in  IHtEDGABL.  It  fidlows  each  die  several  padis 
shown  in  Figure  1.  The  figiaes  contain  cqitured  copies  of  Wndows  version 
graphied  screens.  The  character-based  DOS  screens  contain  the  same  mfinmtioo, 
pose  the  same  questkns,  and  contain  die  same  data-option  dxMoes,  but  do  not  have 
die  Wridows  grigihics  effects  and  fonts. 

The  user  interacts  with  DREDGABL  daoq^  a  series  of  disphty  screens.  The 
following  five  groiqis  rtf' screens  are  used: 


ClwpnrS  OpiralineiwOREOGABLPiegrani 
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OL  Introductoy  displays.  ThemtroductixydiqdJiysoaasistoftheTIde 
dfaqtU^,  die  Navigatmg  InfinnatiaB  displqr.  die  Piapose  diqplsy,  the  Scope 
displsy,  nd  die  Diadamier  diqiUy. 

b.  bputdiq;ilays. 

c.  CoachisioB  dispU^. 

d.  Text  Explanation  (Discussiop)  displiys. 

Display  seramfi  iMtUTM 

EadidispUy  screen  ooatanis  one  or  two  sets  of  ocotiol  buttons.  Abuttonis 
acdvaled  by  tidier  of  die  fioUowing  actioM 

a.  Using  a  mouse  to  click  on  die  buttoa 

b.  Using  die  k^boanlanow  keys  an/or  die  <  TAB  >  key  to  U^iliskt  the 
prefiared  button  and  pressing  <  ENTER  >. 

Where  options  are  presented  for  die  user's  dioioe  nqwt  data,  activation  of  a 
DATA-OFTION  button  causes  DREDGABL  to  admoudedge  diis  as  die  user's 
choice  and  proceed  to  die  next  displ^  screen.  The  bottom  pand  of  each  screen 
contains  fiw  one  to  fiaw  buttoen,  as  needed,  to  alter  the  normal  flow  of 
questioning. 

Tmascrosn 

The  first  screen  to  qipear  is  die  Title  screen  (Figme  2X  providiQg  two  choices  in 
die  control  bar  at  die  bott^  For  one  or  more  runs,  die  user  may  diooee  to  view  the 
Introductory  screens  described  above  by  acdvatii^  die  <1NTR0DUCT0RY 
SCREENS  >  buttoa  These  vefdlowedl^  die  Qioicescreea 

As  die  user  becomes  finuliar  widi  die  program,  die  introductoiy  diqilays  can  be 
byiMssed  by  activating  the  button  marked  <  QUICK  START  >.  Tlusdioioe 
b^uttses  dre  Introductory  screens  and  leads  direct^  to  die  Choice  screea 

Choicn  ncrann 

After  die  hdroductory  screean  arb  viewed  or  by^Mssed,  die  Choice  screen 
(F^ure  3)  appears.  The  user  must  choose  between  two  altaiutfives: 
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Geotechnical  Factors  in 
Dredgeabiiity 

DREDGABL 


Figure  2.  TWe  screen 


a.  If  the  user  wishes  to  continue  with  DREDGABL  for  a  conventional 
evaluation  of  the  dredgeabiiity  of  a  qiecific  sediment,  the 

<  EVALUATE  >  button  is  clicked  with  die  mouse  or  selected  with  the 
arrow  ktys  and  <  ENTER  >. 

b.  If  the  user  wishes  instead  to  view  the  database  of  records  of  locally 
evelrqied  infomation,  which  is  of  local  interest  only  (see  discussion  below), 
the  <  LOCAL  INFO  >  button  is  activated. 


Figures.  Choice saeen 
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Using  the  Data  Input  Displays 

In  the  flow  dugnmctf  Figure  1,  the  diq>Uy  screens  fian''Sedinieai  Type” 
downwaid  to  ”Dredged>ility  Evahunion"  are  DATA  INPUT  diqriays.  Eachinirat 
display  contains  a  tpiestionasldng  Car  the  value  ofonerfAe  geotechnical 
panmeten  needed  to  reach  a  oonchisioa  about  the  dredgeability  of  that  sediment 
Selections  nukle  in  eadirfthehyutdiqidiys  are  nuuntained  in  Context  niemosy 
imtil  all  ofthe  needed  antecedents  for  a  specific  sediment  ^pe  are  defined. 
Geotedmical  antecedent  properties  used  ly  die  IHtEDGABLprognre  are  Aown  in 
Table  1. 


1  Tablnl 

1 

1  Gnotnchnlcnl  Antecndnnt  PropnrtlM  Usnd  in  OREDGABL  I 

SadkiMiitTyM 

OgoigcfHilcfll  PvoDMiteg  UMtf 

Orawi 

1.  uses  CUaiSIcUlDn 

Sand 

X  Sadtoantnania 

3.  GndaSm  Snanaaa 

4.  eowpacxwa 

5.  Orahianoulultf 

InofQVlic  Fingg 

1.  uses  CliiiWralon 

OtguiieFInas 

2.  SadtafMrtnaHM 

^  nHKuy  noHR 

S.  UgMMyintec  (AngiNRiiiQrcfoQfiiiilincy^iMtf 

only  idMNfi  vw  raiiDwi  oofiiiiiiiicy  Ip  igMioiMii) 

OSwr  SadknanlB 

Ointrtc  Miw  cf  ggdbniiit 

Eadi  die  data  input  di^lays  contains  an  on-screen,  scrollaUe  infonnation 
text  presenting  a  brief  discussion  about  die  dioices  avaiUble  on  that  specific 
diqil^.  More  detailed  discussions  ofdicse,  and  odiertoiMcs,  can  be  accessed  by 
clidcmg  on  <  DISCUSSION  >  at  the  bottom  erf’s  screen. 

Sndinwnt  typn  display 

On  die  first  data  iiqitit  screen,  shown  in  Figure  4,  die  question  asked  by 
DREDGABLis:  "Which  (rfthe  firflowing  GENERAL  SEDIMENT  types  best 
describes  die  layer  or  dqiositbemg  evaluated?"  The  screen  presents  the  firfkwing 
cherfoes,  one  of  Miidi  must  be  selected  to  continue: 


a.  Gravd 

b.  Sand 

c.  Inorganic  Fines 
d  Organic  Fines 


uses  Classification  gravd-series  soils 
uses  Classification  sand-series  soils 
Fine-grained  soils:  sih  and  clay 
Fine-grained  soils:  organic  sih,  orgmic  clay,  peat 
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e.  Other  Sediments 


Rode,  coral,  shale,  cemented  soils,  boulders, 
cobbles,  fhud  mud,  shdls,  debris. 


VMdi  of  aw  foSiMing  6ENEIUL 
SEUMEar  1YPES  UMt  dttaftM 


,  awtagwrordcposNIwaia 
A  aw^ualwl? 


Figure  4.  Sediment  type  selection  screen 
uses  classifleation  and  name  of  coarsa^irainad  aadimants  display 

If  the  sediment  type  is  gravd  or  sand,  the  next  iiqHit  di^lay  asks  for  the  USCS- 
ASTM  Classification.  Options  are  presented  for  aU  ^  the  USCS-ASTM  classes  of 
each  coarse-grained  sediment  type.  Assuming  die  sediment  type  is  a  SAND,  then 
selection  must  be  made,  in  Figure  5,  fiom  the  sand  classifiertion  options  offered 


Woa-gradwf  sand  fwSh  graMol) 

nmMiA 

vras-gradod  und  wWt  tia  (and  graval) 

Wai  gradad  sand  wa>  day  (and  graval) 

nDony  9WM0  WM  |imvi 

Poody  gradad  aand  wan  lit  (and  gRNaQ 

Poortyyadad  land  ^da>  day  (and  graraO 

IpilPPHppppM 

SMy  aand  («Mh  gnmal) 

Ctayay  aand  (WOi  grwal) 

Saiy.  dayay  sand  (wUh  grawaQ 

Figure  5.  USCS  dassifications  and  names  of  SAND  sediments 
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by  the  uses.  A  similar  soeen  is  used  for  gravel.  Activatioaofthe  VIEW  button 
displays  a  screen  of  typical  grain  size  distribution  curves  with  explanatoiy  text 

Gradation  fineness  display 

If  the  sediment  type  is  gravel  or  sand,  the  next  input  display  asks  for  the 
gradation  fineness.  For  gravel,  this  includes:  Coarse,  Fine,  and  Unknown.  For  sand, 
the  (ptions  are:  Coarse,  Medium,  Fine  or  Unknown.  The  gradation  fineness  di^lay 
for  s^  is  shown  in  Figure  6.  An  on-screen  discussi(»  text  offers  guidance  on 
gradation  fineness. 


Figures.  Gradation  fineness  of  sand  sediment 


Compactness  of  coarse-grained  sediments  display. 

The  screen  shown  in  Figure  7  requests  the  relative  compactness  of  a  coarse 
grained  sediment,  One  of  the  choices  is  "Unknowa”  Standard  Penetration  Test 
(SPT)  blow  count  values  are  shown  for  rea^  refereiKe.  However,  see  the 
DISCUSSION  of  Standard  Penetration  Test  for  a  more  refined  modxxl  of 
interpreting  SPT  data. 

Angularity  of  coarse  grains  display. 

Figure  8  is  the  input  display  for  selection  of  the  grain  angularity.  Options  are: 
Angular,  Subangular,  Subrewnded,  Rounded,  and  Unknown. 

This  termiiutes  the  antecedent-data  coDectioa  for  gravel  or  sand.  The 
program  now  proceeds  to  the  dredgeahOity  evaluation  menu  screen. 
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RELATIVE  COMPACTNESS  OF 
COARSE-GRAMEO  SOUS 


rypirM  apafaM— i»  m  tmqfm  m 

MnMiMGiiiMmaiMMi9<AVFACiMZ)tar  ■wMch  Of  ttio  toMowng  doscnptors 
«tW  vrtwy  1  tnanat  «n»»-  . . .  Wof  RELATIVE  COMPACTNESS  Host 


fits  IM  deposit  being  evakialeiT? 


4U 


10-30 


30-60 


Figure  7.  Relative  compactness  of  coarse-grained  sediment 


Figured.  Angularity  of  coarse  grains 


Chapters  Operating  the  DREDGABL  Program 


uses  dauHIcation  and  nama  of  fina-grainad  aadimanta  display. 


If  the  sediment  type  sdected  in  Figure  4  is  inotganic  or  organic  fine-gnined 
soil,  Le.,  silt  or  clay,  the  next  input  di^hty  asks  for  the  USCS>ASTM  Classificatkn. 
Options  are  presented  for  all  of  the  USCS-ASTM  classes  of  eadi  fine-grained 
sediment  type.  Assuming  the  sediment  type  is  an  INORGANIC  CLAY,  then 
selection  must  be  made  fiomtihe  options  diq)layedhiFigiBe  9,  ^dtich  constitute  all 
ofthe  inorganic  fines  options  tiered  by  die  uses.  A  similar  screen  is  used  for 
organic  fines. 


Figured.  USCSdassiflcations  and  names  of  inorganic  fine¬ 


grained  sediments 


Relative  consistency  of  fina-grainad  sediments  display. 

Figure  10  shows  the  Relative  Consistenty  input  display.  A  choice  is 
amemg  the  options  of  relative  consistency  (uncoi^Qned  conq>ressive  strength):  Very 
Soft,  Soft,  Medium,  Stift^  Vety  Stift^  Hard,  and  Unknown.  Corresponding  values  of 
unemfined  compressive  strength  are  displayed  for  the  user's  guidance. 

Plasticity  index  of  fina-grainad  sadinMnts  display. 

DREDGABL  uses  four  plasticity  index  categories  in  its  rules:  (l)4to7,(2) 
less  than  22,  (3)  22  to  38,  arid  (4)  above  38.  For  the  plasticity  index  iiq>ut  di^ltyr, 
DREDGABL  makes  a  decision  about  >idiich  of  three  plasticity  index  di^lity  screens 
to  show,  based  on  USCS  classification.  The  screen  for  CL  or  OL  (clay)  is  shown  as 
Figure  11.  No  input  disphty  is  used  ifthe  USCS  classification  is  CL-F^  because 
the  plasticity  index  must,  by  definition,  be  4  to  7,  or  if  the  USCS  classification  is 
ML  or  OL  (silt)  because  the  plasticity  index  must  be  less  than  22. 
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Liquidity  index  of  fine-grained  sediments  display. 

The  liquidity  index  is  calculated  fixxn  the  water  content,  and  indicates  a  liquidity 
relative  to  the  liquid  and  plastic  limits  of  a  remolded  soil.  It  can  be  an  indicaUx  of 
relative  consistency  by  itself  or  a  useful  cross-chedc  <»  the  measured  relative 
omsistency.  If  the  consistmey  is  known  and  has  been  indicated,  the  Liquidity  Index 
displty  is  bypassed  to  prevent  a  potential  c(xiflict  of  information.  Therefexe,  Figure 
12  is  only  di^Iayed  if  the  consistency  selected  in  Figure  10  is  ’TINKNOWN.” 


It)  >1  I):  I  iNM 


Um  atnwrs  la  scniM  disoassioa  - 

UOUtOITYMOEX 

j  TliaUquidiVladaii(U)ia  aaaafalawaaiHa 
laf  Ika  lalaMwa  HuidNy  or  aotaata  of  a 
IraaiaWad  ookaiiva  aoil.  •  caa  ba  asad  at  aa 
hoolar  or  ckack  aa  dM  iaaiit  titaagdi  of  a 

Icohatiwa  taH.  Tfea  U  it  a  aaaiarieal 
aaptaatioa  of  dw  walaf  eaalaal  of  ealiatiMa 
toila  faladva  la  dM  Mofbafq  Kqoid  oad 
platdc  Souls  ia  dio  platte  foaqa  of  motor 
amlaals  for  a  doyay  sod.  hisdofiaad 


irhich  Of  thd  foaowing  UQUIDITY 
INDEX  vaktds  best  fits  the  layer 
^  or  deposit  being  evaluated?  | 


liqaidity  ladoK  Visaal  Datoiplioa 


-tL/n  0 

■  Irlttla  ttlld 
aSaai-ttlld 

■  rUtlit  stlU 

■  eitcww  Uauld 


il'l;  (  ,1  oil 


Figure  12.  Liquidity  index  of  fine-grained  sediments 


This  terminates  the  antecedent-data  collection  for  fine-grained  sediments.  The 
program  now  proceeds  to  the  dredgeability  evaluation  menu  screen. 

Other  sediments  identification  display. 

If  the  chosen  sediment  type  in  Figure  4  is  "Other  Sediments,"  the  next  input 
display.  Figure  13,  requests  a  choice  among  the  following  sediment  types:  rock, 
c(xal,  shale,  cemented  soils,  boulders,  cobbles,  fluid  nuid,  shells,  or  debris.  At  the 
present  stage  of  development  of  DREDGABL,  no  other  geotechnical  pr(^>erties  are 
used  in  the  dredgeability  rules;  therefore  none  are  requested  of  the  user  and 
antecedent-data  coUectirm  is  terminated. 
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Figure  1 3.  Selection  screen  for  Other  Sediments 


Using  the  Conclusion  Displays 

In  Figure  1,  the  four  displi^r  screens  foUowing  "Dredgeability  EvaluatkA”  are 
"exclusion"  displ^.  After  tite  input  disph^rs  have  been  used  to  define  all  of  the 
necessary  antecedent  (IF  statements)  data  fiom  Table  1,  the  inferencing  process 
starts,  i.e.,  a  query  is  made  of  the  iqjprqrriate  knowledge  database,  and  an 
associated  set  of  conclusims  (TH^  statements)  is  derived.  The  conclusion  set  is 
stored  in  the  Qmclusimis  Memory. 

The  cmiclusimi  sets  chosoi  ficmi  the  "Dredgeability  Evaluation"  displ^  m^  be 
repeatedly  viewed  at  random.  The  user  may  also  choose  to  i»int  the  conqrlke 
summarysetofamclusionsinarqxxt  The  context  variables  and  die  conclusion 
set  are  maintained  in  menxxy  until  the  emtext  is  changed  and  a  new  inferencing 
process  is  triggered  or  until  the  program  is  ended. 

After  the  appropriate  oitiy  of  the  required  geotedinical  data  in  the  irqiut 
displays,  DREDGABL  proce^  to  the  evaluadrm  (inferencing)  process  the 

storage  of  a  unique  set  of  crmclusirms  in  the  Qmclusirxis  memmy.  The  rules  for 
evaluatimi  (qierate  internally  in  DREDGABL  to  cemsider  all  of  t^  sediment's 
known  geotechnical  properties  that  affect  each  of  the  specific  dredgeability 
mechanisms.  An  evduatirm  menu  is  displ^ed.  Figure  14,  that  contains  die 
following  dioices: 

a.  Hoppers  (Suitability  (Chopper  dredges) 

b.  Mechanical  (Suitability  of  mechanical  dredges) 

c.  Pipeline  (Suitability  of  pipeline  dredges) 
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d.  Disposal  (Disposal  area  properties  of  sediooent) 

e.  Print  Summary  Report 

/  PrintA^iew  Local  Informatirm  Database 


Figure  14.  Menu  for  selection  of  conclusions  display 


Figure  IS  is  the  crmclusions  display  for  helper  dredge  suitability.  It  is  typical 
of  those  for  helpers,  mechanical,  and  pipeline  d^ges.  A  similar  di^l^  presents 
C(»clusioas  about  the  disposal  area  properties  of  the  described  sedim^  Disposal 
area  properties  are,  of  course,  reaso^ty  independent  of  the  dredge  type  used  for 
excavadrn  and  tranqxNt. 

If  the  <  PRINT  A  SUMMARY  REPORT  >  button  is  activated  in  the 
C^clusitms  display  menu.  Figure  14,  another  displty  screen  is  activated, 
requesting  information  from  the  user:  Date,  Project,  and  User  Name.  The  Summary 
Print  display  shows  the  status  of  the  antecedents  in  the  Context  Memory.  Then,  a 
(»e-page  summary  showing  all  sediment-specific  antecedents  in  Context  Memmy 
and  all  of  the  conclusions  contained  in  Conclusions  Monexy  is  printed.  The  repeat 
cexitains  all  of  the  informatiem  that  is  displayed  in  the  four  dredge-suitability 
screens. 
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Figure  IS.  Conclusions  display  for  hopper  dredge  suitability 


Using  the  DISCUSSION  Facility 

Activation  of  the  <  DISCUSSION  >  button  at  the  bottom  of  any  of  the  diq>lays 
causes  a  displiQrofa  menu  ofexplanatory  texts  that  pcatain  to  diedgeability.  Eadi 
text  is  intend  to  present  a  disc^ion  of  the  antecedents  (IF-statement)  or  an 
e^qilanation  of  the  conclusions  (THEN-statcment)  and  rules  used  in  the  knowledge 
bases.  Care  is  taken  to  differentiate  between  factual  information  and  the  cqxrts' 
inteq)retation(s)  of  the  facts. 

Because  of  the  diffemces  b^een  the  Windows  graphical  environment 
and  the  DOS  character-based  environment*  two  formats  of  the  DISCUSSION 
facility  are  used.  The  text  portion  of  both  formats  is  identicaL  However,  the 
Microsoft  Windows  versim  includes  graphic  line  drawings  and  pictures  that  are  not 
possible  in  the  DOS  version.  The  topics  included  in  the  present  version  of 
DREDGABL  are  listed  in  Table  2. 


Windows-Style  Dbcussion  Facility 

The  Windows  versioi  discussiem  t(q)ics  are  displayed  in  the  Windows  format 
help  facility  database  titled  DRDGHELP.HLP.  The  Main  Menu  is  first  displayed, 
showing  the  major  tqiic  headings  in  green  (or  the  default  color  of  the  HELP  f^ility 
in  your  Windows  setup).  By  clicking  the  mouse  pointer  on  any  of  the  major  topics, 
a  Sub-Menu  £x  that  topic  is  displayed.  Clicking  on  any  of  thme  green  colored 
topics  will  display  the  text  and  graphics  of  that  topic. 
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Three  oonlrol  button  it  the  top  the  screen  are  used  by  Windows.  The 
<  BACK  >  button  will  cause  a  return  to  die  previoitt  screen.  The  Main  Menu  is 
accessed  at  any  time  by  dioosing  die  <  CONTENTS  >buttoa  Cliddngonthe 
button  mvked  <  HISTORY  >  diq[>lsys  a  record  aU  screens  viewed  during  a 
"hdp”  session. 

There  are  two  ways  to  EXIT  the  discussion  facility.  First,l^eitherdoubIe- 
cliddog  on  the  (--)  button  at  the  igqper  left  comer  tte  screen  or  by  sin^e-diddng 
the  button  and  choosing  "Close."  The  second  method  involves  did^  on  the  word 
"File”  in  the  Menu  Bv,  and  then  dioosing  "Exit” 

The  contents  of  any  of  the  topics  can  be  printed  by  during  on  die  word  "File” 
in  die  Menu  Bar.  Clklc  on  the  menu  dioioe  rtf' "Print  Topic." 

DOS-Style  Discussion  Facility 

The  DOS  character-based  discussion  topics  are  contained  in  a  Microsoft 
FoxPro  2.S  HELP-style  database  titled  DRDGHELP.DBF.  The  format  of  die 
database  of  discussion  topics  is  that  dictated  by  the  internal  fonnat  of  the  FinPro 
Hdp  Facility.  Clicking  on  "Topics"  causes  a  di^kQr  of  the  topics  in  the  facility. 
The  text  of  aity  topic  can  then  disphtyed  Ity  clicking  on  die  topic  name  or  by 

highli^itingtte  topic  name  using  a  cursor  and  then  pressing  <  ENTER  >.  The 
Discussion  Facility  may  be  exited  Ity  clicking  on  the  left  comer  of  the  screen 

or  by  pressing  the  <Elk!!>  button  on  die  keyboard. 


Using  the  LOCAL  INFO  Facility 

A  provision  has  been  made  on  both  the  CHOICE  menu  (Figure  3)  and  the 
DREDGEABILITY  EVALUATION  menu  (Figure  14)  screens  for  accessing  a 
separate  database  using  the  <  LOCAL  INFO  >  button.  This  knowledge  database, 
if  ixesent,  contains  expert  knoidedge  and  information  developed  by,  and  of  interest 
and  value  only  to,  a  k)^  user  groq>.  The  local  interest  user  group  may  be  a  Corps 
of  Engineers  District,  a  contractor's  ofiBce,  or  a  oonsultaitt's  office. 

Activation  of  the  <  LOCAL  INFO  >  button  on  the  Chc^  (Figure  3)  screen  or 
the  <  View/Print  LOCAL  INFORMATION  >  button  on  the  Dredgeability 
Evaluation  Menu  (Figure  14)  will  activate  the  Local  Information  Selector  screen. 
Figure  16.  By  using  the  buttons  in  the  horizontal  Database  Contnd  Bar  in  the  iqiper 
center  part  of  the  screen,  the  tides  and  contents  of  the  local  information  database,  if 
any,  are  displayed.  The  LOCAL  INFO  knoiriedge  base  is,  in  effect,  a  database  with 
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memofiddi.  TheoootroibuUaapeniiitfGroUingdiioogiidieitoonbofdie 
databaie,  cadi  reoofd  having  a  local  nrierest  group  naie,  dMe  bit  wiended, 
anH  a icrdlabletext display of the mfiacmation.  Theooolrol 
buttonsare:  <FIRST>  causes  die  reoonipomlBr  to  diq>lay  die  lopmoat,  or  fint, 
record;  <raiOR>  goes  to  die  previous  record;  <  NEXT  >  goes  to  die  next  leoosd; 
<  LAST  >  causes  the  record  pointer  to  go  the  final,  or  bottom,  record,  and  <ADD 
TOPIC  >  causes  a  new  record  to  be  added  to  the  e^  (d*  the  odiers  and  to  be 
disidayed  so  dud  a  new  to|HC  can  be  entered  with  new  information.  ThisbuttonwUl 
not  be  operative  if  die  datdiase  is  rendered  "read-onfy”  by  the  action  (€  a  local 
program  administrator. 
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Figure  16.  Selector  scieen  for  viewing/jpilnting  local  infbnnatim 
database  records 


Entry  of  infonnatioa  into  this  database  is  under  the  control  of  the  user,  unUtsf  a 
local  DREDGABL  program  administrator  assumes  control  of  irrput  Modifkatioos 
oC  and  additions  to,  the  local  inforrrution  database  may  then  be  restricted  to  the 
local  administrator.  Methods  for  performing  these  tasta  are  discussed  in  Chapter  S. 
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4  TheDREDGABL 

Programming  Environment 


Tliit  p«t  the  usei*i  guide  oooiatiis  backtrottid  mionnitioa  used  in  the 
devdofNnentttftheDREDGABLpfogFaiiL  Topics  discussed  ire:  (1)  knowledge* 
based  expert  systems  in  general,  (2)  ressoos  for  sdection  of  the  Microsoft  FokPid 
operating  environment  as  inexpert  system  AeD,  and  (3)  fl>e  relationship  of  diis 
type  of  program  to  a  publidied  report 

Knowledge^ased  Expert  Systems 

A  KBES  uses  expert-derived  rales  fisr  its  solutions.  The  rales  can  incorporate 
and  process  judgement,  experience,  enyirical  rales  of  flnimb,  intuition,  and  other 
expertise  as  vreU  as  proven  fimctionalrelatjonshys  and  experimental  evidence. 
During  a  guidance  sesskn,  a  KBES  sudi  as  DRQXiABL  seardies  a  knowledge 
base  throngh  a  drain  rrf’IF- THEN  rule  statemerns.  The  logic  (tfthe  arguments  of 
the  IF  statements  may  be  En^ish  words  or  phrases  or  may  be  numbers.  Thepafti 
throu^  the  matrix  rales  is  not  pro-determined;  rather,  d>e  path  dqrends  on  die 
qredfic  questions  and  on  the  user's  iqilies,  each  (rf*  wfaidi  lead  to  die  next  question 
and  the  next  list  of  possible  replies,  as  shown  in  Figure  1.  In  the  KBES  form  used 
inDREDGABL,  tte  program  waits  until  aUtd*  die  prerequisite  IF  questions  have 
been  asked,  after  whidi  die  answers  are  used  to  sea^  die  correct  knowledge  base 
for  the  qipropriate  THEN  solution  or  gioiqi  sohitioos. 

Expert  systems  general^  contain  s  groiqi  of  independent,  but  intendated, 
oonqwnents  as  shown  in  Figure  17.  The  USER  INTQIFACE  interacts  with  tte 
US^  employing  an  on-screen  dialog  for  communicatioa  When  available,  an  on¬ 
screen  HELP  MEMO  provides  he^iful  information  for  making  sdections.  Screens 
are  also  used  di^laytte  conclusions  reached  ly  the  program.  TheCONTROL 
PROGRAM  AND  INFERENCE  ENGINE  unit  contains  the  control  information  that 
diiects  the  flow  (tfquestxms  and  conclusions.  The  program  provides  for  interaction 
between  the  USER  INTERFACE  and  the  ANTECEDENT  (CONTEXT) 

MEMORY.  The  CONTROUINFERENCE  mechanism  is  independent  of  the 
knorriedge  base,  permitting  modifications  and  additions  to  the  conclusioos 
coritained  in  die  knoudedge  base  widmut  modifying  die  program.  The 
ANTECEDENT  MEMORY,  t^en  called  the  CONTEXT,  is  a  temporary  meoaory 
containing  die  emrent  answers  to  rpiestions.  The  words,  phrases,  or  mimben  in 
CONTEXT  inust  be  standardized  terms  to  matdi  those  in  die  knowledge  base.  The 
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KNOWLEIXjE  BASE  oootaini  all  of  die  BF'THEN  nikg  that  «e  queried  by  die 
INFERENCE  ENGINE  osiiigdie  antecedents  stored  m  CONTEXT.  Thento 
satisfying  all  of  the  antecedents  are  stored  in  CONCLUSIONS  MEMORY, 
available  for  di^by  on  one  or  more  condusion  displays  at  die  USER  INTERFACE. 


Figure  17.  Components  of  an  eaqpert  system 


Selection  of  the  Programming  Environment 

DREDGABL  uses  a  forward-chaining,  or  data-driven,  problem  solving  stiat^. 
Knowledge  rqiresentation  is  role-based,  each  rule  consisting  of  an  "IF-satecedcnts 
...  THEN-oonchiskn”  statement  One  role  exists  fereadiofdie  total,  finite 
number  rfopcions  in  the  antecedents,  hi  the  present  version  rrf^DREDGABL,  there 
are  1010  unique  sets  (rf' options.  Idealfy,ea(AiBiique  set  of  antecedent  options 
leadstoasin^oonclusioa.  DREDGABL  readies  27  different  oondusimfiar 
eadi  unique  set  oi  antecedents,  fix  a  total  of 27,270  possible  oonduskos. 
Inferendng  can,  dierefiare,  be  done  as  a  standard  database  seardi,  using  the 
antecedents  (IF  statements)  as  search  filters  to  find  the  condusion  records  (THEN 
statements)  that  satisfy  all  <^die  unique  queo^  requirements.  ^using27 
conclusion  fields  for  record,  the  total  number  of  records  to  be  seardied  is 

reduced  to  die  1037  possible  sets  of  antecedents,  greatly  increasing  the  search  qieed 
ofdiesystenL 

The  programming  environment  diosen  for  die  development  <tfDREDGABL 
was  die  Microsoft  FoxPro  Relational  Database  Management  System,  a  laoductrf 
die  Microsoft  Corporation,  Redmond,  WA.  FoxPro  offers  several  desirable 
fixtures: 
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a.  FogcPiotta  cron  plirt£ma|iplicatk)n,penmttii^  the  user  adioioe  of 
either  tfieMS-IX)S  or  die  iMpularWmdowtenviraamenL  FoxPio2.Sfior 
MS*DOS  and  FookPio  1.0  for  Windowe  are  parallel  iyBtenis,ihariiigooatrol 
prpgranManddatabasea.  Duplay  acreeos  are  alaousoMe  in  either 
environment,  although  die  grijpIdcalacreenarrf’Vnndoaw  can  use 
enhancements  not  available  in  MS*DOS  di^bya. 

b.  The  sfrftwue  vendor,  MicroaoftCaiparatian,ia  a  large,  aecureconopany 
diat  is  expected  to  be  available  for  hdp  and  fiar  fidure  upgradea  of  die 
systenL  MS-DOS  and  Microo(^V^ndows  are  produced  by  the  same 
oonqiaoy,  ensuring  croas^latform  conyatibili^. 

c.  Knovdedge  can  be  iqxeaented  in  a  database  fornud  (.DBF).  Theformat 
used  in  FokPio  is  compatible  with  die  Boriand  dBase  IB  a^  dBase  IV 
databases.  FokPto  can  also  inoqport  files  from  odier  popular  st^ware 
packages  sudi  as  Framework  II,  Microsoft  Muldpli^  Borland  Paradox, 
LoCus/Symphony  and  compatible  spreadsheets,  end  Microsoft  Excel  ^iiy 
(d*  these  progranu  can  then  be  used  to  access,  rod  to  modify,  die  knowledge 
bases  (databases)  in  IHIEDGABL 

d  FoxPro  contains  a  number  dTusefiildevdopment  aids,  such  as  a  screen 
devdopment  program,  standard  Xbase  datriiase  programming,  and  a 
tranqKxter  program  for  converting,  if  desired,  between  MS-DOS  and 
Windows  screens. 

e.  Run-tiiiie  verskxu  of  the  progiains  (DOS  arid  Vfindows)  are  distributed  to 
users  with  die  Microsc^  FoxPro  Didribution  Kit  for  DOS  and  the 
Mkrosc^  FoxPro  Distribiition  Kit  for  Windows.  A  onetime  foe  fiv  each 
Distribution  Kit  permits  an  unlimited  mimber  (d  dtstributioo  copies. 

Even  diough  DREDGABL  was  developed  using  a  datdiase  management 
padaige,Micro8(A  FoxPro  2.5,  it  is  still  considered  a  KBES.  The  databases  used  in 
the  inferencing  contain  sidijective  expert  information  com|Hled  I7  die  devdopcrs. 
Conclusions  are  readied  using  an  inference  medumism  arid  IF -THEN  roles  similar 
to  any  other  ejqiett  system.  In  addition,  DREDGABL  is  hi^dy  interactive,  user 
frien^,  and  contains  an  on-line  he4>  fittilify,  wfaidi  are  all  essential  fixtures  of  a 
KBES. 

Relationship  to  Published  Reports 

A  KBES  is,  in  effect,  a  tedmicalrqiort  dud  has  been  placed  into  a 
conqmteruedquestion-and-answerfonnat  All  of  die  information  could, 
altemadvefy,  have  been  contained  in  a  written  and  published  rqmrt  However,a 
conqniter-bued  KBES  has  certain  advantages  over  die  printed  document* 

a.  The  sequence  ofrpiestions  is  expert-guided  for  each  qiedfic  task.  Theuser 
provides  answers  to  die  questioos  from  an  exhaustive,  but  limited,  set  of 
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correctly  pluYsed  MMwm,  usiog  staklard  tenniu^^  When  all 
appropriate  questions  have  been  arked  and  msweied,  die  knowledge  base  ig 
searched  for  all  valid  conclusions  that  can  be  derived  fifom  the  proMcm 
context  The  conclusions  are  presented  on  screen  and,  in  some  instances, 
can  be  printed. 

b.  It  is  simpler,  easkr,  and  Cuter  to  use  dum  a  iMiblished  report  Pagesappev 
on  screen  quickfy  radier  dian  requiring  hunting  for  the  contems  or  index, 
then  searching  Cv  die  exaa  page,  or  pages. 

c.  The  knowledge  recorded  in  die  knowledge  base  can  be  easily  edited  and 
modified  to  accommodate  new  researdi  findings  or  local  experiences,  per- 
mitting  the  issuance  of  easily-made  upgrade  versioos  of  DREDGABL  on 
microcomputer  diskettes.  Ihetextinformatkocontainedinthereadily- 
accessible  "Discussion"  topics  can  also  be  easily  added  to  or  dianged.  This 
does  not  imply  that  the  user  will  be  able  to  modify  the  control  program  or 
the  knowledge  base  directly.  Only  the  official,  develoimient  version  under 
die  control  of  the  developers  or  the  program  administndors  will  be  ctyable 
of  being  modified 


d  For  recording  knowledge  ofa  strictly  local  or  regiooal  interest,  a  separate 
"LOCAL  INFO"  discussion  text  knoudedge  base  can  be  readily  established 
and  locally  iqxlated  Some  organizatioas  could  benefit  by  plac^  die  latest 
version  ofpqnilar  programs  on  a  Local  Area  Network,  b  some  instances, 
a  national  "bulletin  board"  system  could  be  used  to  distribute  die  revised 
versions  of  the  programs. 
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5  Modifying  and  Upgrading 
the  DREDGABL  Program 


The  ivogram  diskettes  accompanying  this  user’s  guide  are  read-only,  i.e.,  any 
changes  entered  onto  the  displ^  screens  during  a  guidance  session  cannot  be  stored. 
The  original,  development  versimi  of  the  program  can  mily  be  modified  by  using  the 
Microsoft  FoxPro  2.5  Relational  Database  Management  System.  The  original 
program  disk^tes  reside  with  the  Maiuiger,  Dredging  Research  Program,  USAE 
WES,  P.  O.  Box  631,  Vicksburg,  MS  39181-0631. 

Request  for  User  Evaluations 

The  rules  developed  for  DREDGABL  (Spigolon  and  Bakeer  1993)  represent 
knowledge  and  expertise  that  was  develq)ed  through  professional  e^qreriences  and 
research  studies  and,  therefore,  reflect  the  perscmal  biases  of  the  devel(q)ers.  The 
present  rules  should  be  critically  reviewed  by  other  geotechnical  engbeering  and 
dredging  experts  and  e?q)anded  or  modified,  as  needed  In  the  ideal  knowledge  base, 
there  are  multiple  experts  who  either  reinforce  each  other  or  present  valid  alternate 
solutions  to  prolans. 

The  authors  request  that  users  evaluate  the  program's  usefiilness,  the  soeens, 
and  the  conclusions.  There  are  many  questions  that  can  be  asked  by  the  developers, 
including  the  following: 

a.  Are  there  any  other  conclusion  displays  that  would  be  meaningful,  using  the 
conclusions  that  are  stored  in  the  CONCLUSIONS  MEMORY  a^  a 
query? 

b.  Are  there  any  more  ctmclusions  that  should  be  drawn  from  the 
antecedents? 

c.  Is  the  information  contained  in  the  Conclusion  displays  sufficiently 
conq)Iete  that  the  user  can  understand  and  then  utilize  the  guidance 
correct^? 

d  Are  the  inogram  and  the  displt^  user-ftiendly? 
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e.  Whatelsecaii,ordiould,  be  done  to  improve  the  us^ilness  of  the 
DREDGABL  |»ogram? 

The  answers  to  these  and  other  questions  and  any  |Hoposed  changes  should  be 
sent  to  the  Manager  of  the  DRP  at  the  address  given  al^e. 

Modifying  the  LOCAL  iNFO  Database 

The  only  database  file  that  can  be  directly  modified  by  the  user  in  the 
distribution  copies  ofthe  DREDGABL  program  is  the  LOCLINFO.DBF  file.  This 
file  is  modified  directly  typing  onto  tte  memorandum  displtyr  screen.  Figure  17. 

Instructions  for  this  task  are  included  as  Record  No.  1  and  are  also  presented  below. 
A  total  of  16  records  have  been  established  in  this  version  of  DREDGABL,  of 
vdiich  the  first  is  used  for  the  instructions.  Ifmore  than  IS  additional  records  are 
needed,  a  provision  has  beoi  made  for  adding  records.  Record  numbers  and  dates 
should  be  added  to  all  additicMial  reox^ds.  There  is  no  practical  limit  to  the  number 
and  size  of  recwds  that  can  be  added  except  the  available  space  on  the  hard  HiA 

A  local  administrator  may  exercise  input  control  by  modifying  the 
LOCLINFO.DBF  database  file  attributes  to  make  them  read-c^  using  a  file 
management  program  such  as  Norton  Commander®  or  Norton  Utilities®,  ammig 
othos.  Alternatively,  similar  programs  m^  be  used  to  require  a  password  that  can 
be  supplied  to  the  apprc^riate  individuals. 

Instructions  for  Modifying  the  LOCAL  INFO 
Database 

The  instructions  contained  <xt  Record  No.  1  of  the  LOCAL  INFO  database  are: 

a.  The  LOCAL  INFO  database  cmisistsofa  series  ofnumberedrecwds,  each 
containing  information  of  local  intoest,  that  m^  be  entered  and  receded 
by  users,  in  a  local  area,  in  a  memorandum  such  as  this  one.  Use  a  mouse 
with  the  arrows  at  the  right  to  scroll  this  recwd,  or  use  the  keyboard  cursor 
arrow  keys. 

b.  Use  the  butUms  above  this  screoi  to  move  through  the  database  of  records 
until  thb  iq}propriate  tqiic  is  found. 

c.  Each  recod  contains  information  in  six  fields: 

1.  A  record  number 

2.  Name  of  last  persmi  amending  the  record 

3.  Date  last  amended 

4.  Local  organization  reqxxisible  fix*  records 

5.  Topic  of  the  record 

6.  A  variable  length  memorandum  (in  this  area  ofthe  screen) 
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d  Unless  restricted,  infonnatioo  taay  be  entered  in  any  of  die  fields  on  tiiis 
screen,  or  any  other  screen,  1^  using  the  mouse  or  ^  <  TAB  >  or 
<  ARROW  >  keys  to  a  field.  This  information  is  stored  directly 

in  the  LOCLINFO.DBF  database.  A  local  administrator  may  restrict 
modification  of  the  records  by  making  diem  "read  onfy." 

e.  Sixteen  records  are  provided  in  DREDGABL  Version  1.0,  diis  one  plus 
fifteen  more.  At  sud  time  that  additional  reoxds  are  needbd,  the  button  to 
the  right  above,  marked  <  ADD  TOPIC  >  nu^  be  used  to  append  additiooal 
records  to  the  database.  There  is  no  practical  limit  to  the  ninnber  or  length 
of  records  except  the  space  available  for  hard  disk  storage. 

/  A  oc^ofanyofthe  individual  records,  with  die  complete  memorandum, 
may  be  printed  by  clicking  on  the  <  PRINT  >  button  below. 
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Appendix  A:  Files  Contained  in 
the  DREDGABL  Distribution 
Diskettes 


The  fdtowing  listing  shows  all  of  the  files  contained  OP  die  distribution 
diskettes  for  DREDGABL.  If  any  of  these  files  are  missing  or  coniq)ted  on  your 
diskette,  please  contact  the  Manager  of  the  Dredging  Reseach  Progr^  at  die  USAE 
Waterways  Experiment  Station,  Vidcsburg,  MS.  The  phone  number  is  601-634- 
2070. 


DOS  version  of  DREDGABL 


DISK  NO.  1 :  FOXDISTR.  ARC 
INSTALL..BAT 
INSTDR,BAT 
ARCE.COM 
START.BAT 
READ.ME 

DISK  NO.  2:  DOSDREDG.ARC 
ARCE.COM 
START.BAT 
READ.ME 
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Windows  Version  of  DRED6ABL 


D1SKN0.1:  jiiiselup.nL 
jnilMt  .cx_ 

oooaidlg.eL 

oonfig  4*^ 
ddeml  .dl_ 
dredgaU-exS 

fmrfrmt  .|^ 

finprint  fo_ 
finqmnt  .tt_ 
finoiaer  .db$ 
fi»cw250a.ei$ 

"*^***“^  Jk# 

lodinfo  ^ 
lodinfo  .qp$ 
lodqnry  .db$ 
lodqvy 
moanHtf  .dl 
.dl 

madetitf  .4L 
mmmf  .dll 


ofedi  .dl_ 
oleivr  .dl_ 
quay  .db$ 
aetnp  .exe 
setup  ja_ 
setup  Jnf 
setup  Jst 
setup  jns_ 
slien  .<&_ 

to^Hirfp  .dl_ 

ver  .dl_” 

D1SKN0.2:  dredgab2.es$ 
fiDaav2S02.es$ 
fbKw2S03.es$ 
fi«a2504.es$ 


Appendix  B:  Geotechnical 
Properties  Affecting 
Dredgeability _ 


The  fdkiwing  summaiy  discusskn  is  badcgnMmd  infonnatwn,  preseoting 
tennincdogy  and  ooiioq>ts  used  in  the  devdopment  the  DREDGABL  knowledge 
bases.  IWdgea6t%  is  defined  as  die  fittilitywidi^duGh  an  underwater  soil 
sediment  oriock  can  be  excavated,  removed,  tranqMrted,  and  deposited  widi 
respect  to  known  or  assumed  equqment,  mediods,  and  in-«tu  material 
duffacteristks.  There  are  several  indqicsideat,  site  qiecific  factors  that  afibct 
dredgeability.  DREDGABL  considers  only  rite  direct  effect  of  soil  type  and 
character  on  dredgeability,  separate  from  all  rum-sediment  factors  that  affect 
dredging  productivity,  such  as  equipment  characteristics,  water  depth,  weather, 
tides,  traffic,  personnel  problems,  equipment  maintenance,  and  so  forth. 

The  process  of  dredging  an  underwater  sediment  typically  occurs  in  four  stages. 
At  each  stag^  die  dredging  inocess  is  affected  by  one  or  several  dredgeability 
properties  of  the  sediment.  The  processes  and  tte  associated  dredgeability 
properties  are: 

^  a  Dislodgeiiient--loo8ening  or  excavation  (^material  fiom  its  location  at  or 

I  below  the  bottom.  Dislodgement  is  affected  by  the  suctionaMity, 

1  erodability,  cuttability,  scoopability,  and  flowability  (underwider  slope 

I  instability)  inoperties  of  the  sedim^. 

I  b.  Removal-movement  ofthe  excavated  material  fiom  the  bottom  ity  to  the 

I  punqi  or  transport  system  The  removal  process  is  dqiendent  on  the 

'  punqiability,  alnasiveness,  stickiness  (affects  clay  balling),  turbidity,  and 

bultog  properties  of  the  sediment. 

c.  Transport-Hnovementc^tfae  removed  material  fiom  the  dredge  to  the 
diqwsal  site.  Tranqxxt  is  affected  Ity  the  pumpability,  abrasiveness, 
stickiness  (affects  day  balling),  turbidity,  sedinientation  rate  in  a  bonier, 

I  and  bulking  properties  of  the  sediment. 

I 
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d  Disposal-discharge  of  the  oiatarial  onto  a  land  or  into  a  water  di^wsal 
area.  The  diqxwal  area  properties  of  a  sediment  are  based  on  its 
dunqMbility  (stkldness),  tumidity  potential,  sedimentation  rate  in  a  land 
di^Msal  site,  bulking  fiKtors,  and  mechanical  conqMctability. 

Rule  tables  were  [mpared  for  use  in  die  development  of  die  DREDGABL 
knowledge  bases  and  to  demonstrate  the  basis  for  tte  dredgeability  evaluations  of 
the  geotechnical  properties  of  sediments.  All  of  the  rutes  in  the  tables  are  based  on 
literature  survq^  and  on  the  eiqiertise  of  the  program  developers.  The  significance 
of  the  geotechidcal  prqierties  requested  during  the  operation  of  DREDGABL  on 
each  of  the  dredgeability  properties  is  shown  in  Tablre  B1  and  B2  below. 


Tabln  B1 

Gnotechnical  Properties  Used  i 
For  a  Coarse-Grained  Sediment 

n  the  Dredgeability  Rules 

DradgMfaOity 

Proparty 

Name  and 

uses 

Ciaae 

Compaet- 

naaa 

Gradation 

Finenaea 

Angulartt 

y 

EXCAVATION  PHASE 

CUtabWy 

X 

X 

X 

EfodabShr 

X 

X 

X 

FlowabMy 

X 

X 

X 

ri  1  im 

oOOOpQMCy 

X 

X 

X 

SucSonabMv 

X 

X 

X 

1  REMOVAiyTRANSPORT  PHASE  1 

Abfwlwwu 

X 

X 

unv  pMinci  roiBfiiiBi 

X 

Pumpobily 

X 

Sad.  Rale  hi  HocDar 

X 

BuSdng  in  Hoooar 

X 

X 

1  nSPOSALPHASE  1 

SttcMnaas 

X 

Sad.RalalnDi8i)osai 

X 

Turbidav  PotantM 

X 

BuHna  in  OiSDoeal  Area 

X 

X 

^  - - ^  «— «-  ■ 

vOUiPKwIIIIt 

X 

B2 
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